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0929-6441/ª 2014, Elsevier Taiwan LLBackground: A secure airway and effective ventilation are key components of resuscitation.
Real-time airway sonographic approaches could enhance physician confidence and decision-
making in relation to tracheal tube placement. This study aims to evaluate the accuracy of
tracheal ultrasonography for assessing endotracheal tube position in patients at two medical
centers who have undergone cardiac arrest.
Patients and methods: We performed a prospective two-center observational study for adult
patients with cardiac arrest from July 2012 to June 2013. Real-time tracheal ultrasonography
was performed during the intubation. The endotracheal tube position was defined as endotra-
cheal if single air-mucosa interface with comet-tail artefact was observed. Esophageal intuba-
tion was defined if a second air-mucosa interface appeared. The gold standard of correct
endotracheal intubation was the combination of clinical auscultation and quantitative wave-
form capnography. The main outcome was the accuracy of tracheal ultrasonography in asses-
sing endotracheal tube position during cardiopulmonary resuscitation.
Results: Among the 96 patients enrolled, 7 (7.3%) had esophageal intubations. The sensitivity,
specificity, positive predictive value, and negative predictive value of tracheal ultrasonographyng authors declare no conflicts of interest.
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84 J.-T. Sun et al.were 98.9% [95% confidence interval (CI): 94.0e99.8%], 100% (95% CI: 61e100.0%), 100% (95% CI:
95.9e100.0%), and 85.7% (95% CI: 48.7e97.4%), respectively. Positive and negative likelihood ra-
tios were 7.0 (95% CI: 1.1e43.0) and 0.0, respectively. Additionally, subgroup analysis was per-
formed based on the hospital. However, no significant difference existed in the accuracy of
tracheal ultrasonography and patient characteristics.
Conclusion: Real-time tracheal ultrasonography is an accurate method for identifying endotra-
cheal tube position during cardiopulmonary resuscitation without the need for interruption of
chest compression.
ª 2014, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
A secure airway and effective ventilation are key compo-
nents of advanced life support [1]. Unrecognized
misplacement of endotracheal tube can lead to morbidity
and mortality, with a reported incidence of approximately
2.9e16.7% in previous studies on cardiac arrest [2e4]. Many
traditional methods, including direct visualization of the
vocal cords, observation of chest expansion, and chest
auscultation, can be used to confirm endotracheal tube
position, but each of these methods has limitations and
may interrupt chest compressions during cardiopulmonary
resuscitation (CPR) [5,6]. Chest auscultation is the most
common method used to confirm endotracheal tube
placement, but it usually requires interruption of chest
compressions during examination. Quantitative waveform
capnography is recommended as the gold standard for
confirming correct endotracheal tube placement in the
2010 American Heart Association (AHA) Guidelines for CPR
and Emergency Cardiovascular Care (ECC) [1]. However, it
has some well-known limitations in patients in cardiac ar-
rest, and can be affected by low cardiac output, low pul-
monary flow, airway obstruction, or epinephrine use [6,7].
Ultrasound is a noninvasive, real-time diagnostic tool
commonly used during resuscitation. Real-time airway
sonographic approaches could enhance physician confi-
dence and decision-making in relation to tracheal tube
placement, and may have a role in combination with
continuous capnography in patients with an emergency [8].
For sonographic assessment of endotracheal tube position,
previous investigators have used several different methods,
including tracheal ultrasonography (direct) and detection
of sliding of the pleura or diaphragm movement (indirect)
[9e13]. Unlike tracheal ultrasonography, indirect sono-
graphic methods can exclude both esophageal and endo-
bronchial intubation. Although these methods have high
accuracy for assessing tube position, they require addi-
tional ventilation of the patients and may increase chest
compression interruptions during CPR. Tracheal ultraso-
nography can be performed in real time when the tube is
passed through the trachea or esophagus. Our previous
prospective study revealed that tracheal ultrasonography
could feasibly and rapidly confirm tracheal intubation
during emergency intubation [12]. In patients in cardiac
arrest, interruption in chest compressions could be mini-
mized when tracheal intubation is confirmed by ultraso-
nography. One study shows tracheal ultrasound is feasiblefor patients in cardiac arrest. However, it is limited to one
institutional experience [14]. This study aimed to validate
the feasibility of tracheal ultrasonography in assessing
endotracheal tube position in patients in cardiac arrest in
two medical centers.
Materials and methods
This prospective observational study was conducted from
July 2012 to June 2013 at the emergency departments (ED)
of the National Taiwan University Hospital (NTUH) and Far
Eastern Memorial Hospital (FEMH). Both institutions are
tertiary teaching hospitals and the annual ED census is
>100,000 patients. The study protocol was approved by the
Institutional Review Board of the National Taiwan Univer-
sity Hospital with a waiver of informed consent.
Eligible study participants were patients in cardiac ar-
rest receiving emergency intubation during CPR. Exclusion
criteria included severe neck trauma, neck tumors, a his-
tory of neck operation or tracheotomy, or age younger than
18 years. None of the enrolled patients had been in any
patient cohort from our previous studies [12e14]. The
intubation process, training of sonographers, and sono-
graphic examination for confirming intubations have been
described in detail in prior work by the study group [12,13].
The emergency intubations were performed and cross-
checked by junior or senior emergency medicine resi-
dents, and supervised by attending duty physicians. In this
study, the gold standard of correct tracheal intubation was
the combination of bilateral breath sounds on auscultation
and exhaled carbon dioxide (CO2; >4 mm Hg after at least 5
breaths) with a typical CO2 waveform on capnography.
Esophageal intubation was diagnosed when breath sounds
were absent and waveform capnography was abnormal.
An SSA-550A ultrasonography scanner (Toshiba, Tokyo,
Japan) with a 3.75-MHz convex transducer was used for
sonography. Tracheal ultrasonography was performed by
three senior emergency medicine residents, who had
completed 2 months of an ultrasonography training course
during their clinical rotation, including tracheal ultraso-
nography training by oral instruction, video review, and
hands-on practice. All sonographers were supervised by two
emergency medicine attending physicians, who had more
than 10 years of experience in emergency sonographic ex-
aminations. Real-time tracheal ultrasonography was per-
formed during and immediately after insertion of the
endotracheal tube. The scanning time was restricted to the
Table 1 Demographic and clinical characteristics of
patients.
Tracheal
intubation
(n Z 92)
Esophageal
intubation
(n Z 7)
p
Age, y 69.7  17.0 57.3  17.4 0.07
BMI 23.7  4.7 27.4  5.6 0.19
Male sex 64 (69.6) 3 (42.9) 0.21
Out-of-hospital
cardiac arrest
56 (60.9) 4 (57.1) 1.00
In-hospital
cardiac arrest
31 (33.7) 2 (28.6) 1.00
Return of
spontaneous
circulation
50 (54.4) 0 (0.0) <0.01*
Medical history
Diabetes mellitus 25 (27.2) 1 (14.3) 0.67
Hypertension 35 (38.0) 1 (14.3) 0.42
Heart disease 24 (26.1) 1 (14.3) 0.67
Pulmonary disease 1 (1.1) 0 (0.0) 1.00
Renal disease 13 (14.1) 1 (14.3) 1.00
Liver disease 5 (5.4) 1 (14.3) 0.36
Central nerve
system disease
7 (7.6) 0 (0.0) 1.00
Malignancy 0 (0.0) 0 (0.0) d
Other 10 (10.9) 1 (14.3) 0.57
Cause of cardiac
arrest
Cardiogenic 29 (31.5) 4 (57.1) 0.22
Airway 18 (19.6) 0 (0.0) 0.34
Sepsis 12 (13.0) 0 (0.0) 0.59
Central nerve
system disease
3 (3.3) 0 (0.0) 1.00
Trauma 4 (4.3) 1 (14.3) 0.31
Metabolic 2 (2.2) 0 (0.0) 1.00
Hemorrhagic 5 (5.4) 0 (0.0) 1.00
US for Proper ET Tube Confirmation in OHCA Patients 85minimum possible; in general, it could be accomplished
within 10 seconds. The transducer was placed transversely
on the anterior neck just above the suprasternal notch. The
position of the trachea could be demonstrated by the
appearance of “comet-tail artifact”, a hyperechoic air-
emucosa (A-M) interface with posterior reverberation
artifact. The identified endotracheal tube position was
defined as endotracheal if only one AeM interface with
comet-tail artifact was observed, or intraesophageal if a
second AeM interface appeared, mimicking a second
airway (double tract sign) [12]. If the position of the
esophagus was suspected to be immediately posterior to
the trachea, sonographers could adjust their scanning
planes by slightly tilting the probe left and right to identify
the esophagus’ position. To avoid influences of verbal
communication during CPR, sonographers wore earplugs
during the examination. The sonographers were not
involved in the patients’ care, and were not aware of the
results of auscultation and waveform capnography. The ED
nurses recorded the enrolled patients’ age, height, weight,
body mass index, Cormack and Lehane grade, any under-
lying medical conditions, and results of auscultation and
quantitative waveform capnography.
The results of ultrasonography interpretation and sono-
graphic images were collected on separate data collection
sheets. Test characteristics including sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and positive and negative likelihood ratios were
calculated using standard formulas for a binominal propor-
tion, and the corresponding 95% confidence intervals (CIs),
by the Wilson interval method [15,16]. We conducted a lo-
gistic regression analysis to identify the factors associated
with diagnostic inaccuracy of tracheal ultrasonography. All
statistical analyses were performed using the SPSS statistical
software, version 18.0 (SPSS Inc., Chicago, IL, USA), and the
SAS System, version 8.2 (SAS Institute Inc., Cary, NC, USA).
A p value < 0.05 was considered statistically significant.Unknown 19 (20.7) 2 (28.6) 0.64
Daytime
(08:00e20:00)
56 (60.9) 4 (57.1) 1.00
Weekday 26 (28.3) 0 (0.0) 0.19
Intubation difficulty
(CL grade 3 and 4)
24 (26.1) 5 (71.4) 0.02*
Data are presented as n (%) or mean  SD.
CL grade Z Cormack and Lehane grade.
Table 2 Summary of tracheal and esophageal intubation
by ultrasound.
Ultrasound (n Z 96, missing Z 3)
Tracheal Esophageal
Tracheal intubation 89 0
Esophageal intubation 1 6Results
Ninety-nine patients were included in this study, including
53 patients from the FEMH. The history and clinical charac-
teristics of enrolled patients were obtained from family
members or the previous hospital records. Their de-
mographics and clinical characteristics are listed in Table 1.
No significant differences were found between the tracheal
and esophageal intubation groups except the rate of return
of spontaneous circulation and intubation difficulty. How-
ever, data from the three patients at the FEMHweremissing.
The results of tracheal ultrasonography assessment
including the 96 patients are shown in Table 2. During the
study period, 7 esophageal intubations (7.3%) occurred
during CPR. The sensitivity, specificity, PPV, and NPV of
tracheal ultrasonography were 98.9% (95% CI: 94.0e99.8%),
100% (95% CI: 61e100.0%), 100% (95% CI: 95.9e100.0%), and
85.7% (95% CI: 48.7e97.4%), respectively. Positive and
negative likelihood ratios were 7.0 (95% CI: 1.1e43.0) and
0.0, respectively. There was no significant difference in the
diagnostic accuracy of tracheal ultrasonography based on
age, sex, out-of-hospital or in-hospital cardiac arrest,
intubation difficulty, or time of day.Additionally, subgroup analysis was performed based on
the different hospitals. However, no significance existed in
the accuracy of tracheal ultrasonography and patient
characteristics (data not shown).
86 J.-T. Sun et al.Discussion
In this study, we observed high positive and nearly perfect
negative likelihood ratios in assessing endotracheal tube
position using tracheal ultrasonography. With great sensi-
tivity and NPV for the confirmation of correct tracheal
intubation, tracheal ultrasonography could be a useful
adjunct in conjunction with other confirmatory methods in
patients in cardiac arrest, especially in difficult cases.
According to the latest AHA guidelines for CPR and ECC,
endotracheal tube position should be verified by both
clinical assessment and confirmatory measurements after
intubation [1]. However, each confirmation technique has
its own limitations. Clinical assessment of endotracheal
tube position has already been shown to be unreliable
during CPR, even when performed by experienced exam-
iners [6]. In previous studies, auscultation failed to detect
0.4e15% of esophageal placement [5]. Chest auscultation
and observation of chest wall expansion are the most
common ways to confirm tracheal intubation. However,
both of these methods interrupt chest compressions and
increase the no-flow time during CPR. Quantitative wave-
form capnography is the currently accepted gold standard
for tracheal intubation confirmation. Nevertheless, wave-
form capnography requires ventilation as well as good
pulmonary blood flow. It can provide false-positive (e.g.,
nonfasting patient with gastric CO2 production) [17], and
false-negative results (e.g., airway obstruction, low pul-
monary flow, epinephrine use, or technical error) during
CPR [6,7]. Thus, another confirmatory technique that does
not interfere with chest compressions during CPR is
needed.
Ultrasound is a common, repeatable, noninvasive, and
real-time diagnostic tool in many EDs and critical care areas.
The clinical use of focused ultrasonography promises many
potential applications in resuscitation, such as determina-
tion of cardiac function, hemodynamic status, and identifi-
cation of reversible causes of cardiac arrest [18e21]. The
2010 European Resuscitation Council (ERC) Guidelines, on
the basis of the International Liaison Committee on Resus-
citation (ILCOR) Consensus on Science and Treatment Rec-
ommendations, recognized the potential value of using
ultrasound in assisting diagnosis and treatment of poten-
tially reversible causes of cardiac arrest [22,23]. However,
available data on ultrasonography in airway management
during CPR are still sparse [14]. Several previous studies
have provided promising results with tracheal ultrasonog-
raphy for endotracheal tube position assessment in a
cadaver model, and in live humans under a well-controlled
operating room setting [24e27]. In our previous study, we
demonstrated that tracheal ultrasonography achieved high
accuracy for the confirmation of endotracheal tube place-
ment during emergency intubation, including patients with
impending respiratory failure, cardiac arrest, and major
trauma [12,14]. In comparison to other medical emergen-
cies, the use of tracheal ultrasonography for assessing
endotracheal tube position during CPR is more important for
several reasons. Chest auscultation and observation of chest
wall expansion may interrupt chest compressions; other-
wise, tracheal ultrasonography does not. Waveform cap-
nography is less reliable in patients with poor circulatory
perfusion conditions, particularly patients in cardiac arrest.In these patients, delivery of carbon dioxide to the lungs
could be insufficient to produce reliable confirmation of
correct tracheal intubation [28,29]. Ultrasonographic im-
ages are not affected by low cardiac output, pulmonary
flow, airway obstruction, or epinephrine use, all of which
limit the usefulness of waveform capnography. The use of
bedside ultrasonography is already recommended in the
resuscitation suite for patients in cardiac arrest and those
with multiple traumas in the ED [18,30]. Tracheal ultraso-
nography can be combined with focused echocardiographic
evaluation, to confirm airway, breathing, and circulation
during CPR [8,13].
In our previous study, quantitative waveform capnog-
raphy was used as the gold standard for intubation assess-
ment [12]. However, waveform capnography had limited
sensitivity and lower NPV in patients in cardiac arrest [5,6].
In addition to waveform capnography alone, we combined
clinical auscultation and waveform capnography, the most
commonly adopted verification methods, as the gold stan-
dard for assessment of endotracheal tube position in this
study. In five of our study patients, tracheal intubations
were falsely determined to be intraesophageal by wave-
form capnography alone, whereas tracheal ultrasonography
correctly identified endotracheal positioning. These false-
negative results in cardiac patients resulted from low pul-
monary flow, profuse airway secretions, or epinephrine
use. The suboptimal sensitivity value for waveform cap-
nography during cardiac arrest may in turn lead to unnec-
essary reintubation, which may cause undue interruption of
chest compressions during CPR. With high sensitivity and
NPV, tracheal ultrasonography can be very helpful in con-
firming endotracheal intubation when the results of cap-
nography are doubtful, and thereby reduce unnecessary
intubation attempts in patients with cardiac arrest or
difficult airways. One of the false-positive results (esoph-
ageal intubation was falsely determined to be tracheal) by
tracheal ultrasonography maybe attributed to the esoph-
agus being located immediately posterior to the trachea in
this patient, rendering assessment difficult. Although this
error can be corrected by using different planes to detect
esophageal intubation, this case signifies the difficulty and
potential pitfall in identifying the double tract sign during
CPR. Thus, although ultrasonography can be an accurate
method in assessing endotracheal tube position, clinicians
should be cautious when using tracheal ultrasonography
alone during CPR. The combination of clinical assessment
and confirmatory techniques is required for ensuring a
secure airway in critical patients, especially if the first
result is equivocal. In addition to tracheal ultrasonography,
thoracic and diaphragmatic ultrasonographies have the
potential to assist in airway management during resuscita-
tion. A complete sonographic airway assessment may
combine direct and indirect ultrasound approaches, to
detect both esophageal and endobronchial intubation. In
patients undergoing cardiac arrest, tracheal ultrasonogra-
phy could be time-saving and can be performed in real time
as the tube is passed through the trachea or esophagus.
Mistakes can be identified before any ventilation
commenced, and without interrupting chest compressions.
Meanwhile, detecting the lung sliding sign or diaphragm
movement could be used to confirm bilateral lung ventila-
tion. These ultrasound techniques could be performed in a
US for Proper ET Tube Confirmation in OHCA Patients 87stepwise fashion for airway confirmation during CPR [8].
Clinicians should be familiar with these approaches to
confirm both correct intubation and proper ventilation in
patients in critical condition.
This study has several limitations. A possible weakness is
the relatively small number of esophageal intubations
because of the limited prevalence. Further studies with a
larger number of patients are still required. Although the
learning curve of tracheal ultrasonography has not been
established, our results demonstrate its feasibility in two
medical centers. However, multicenter study may be
required for its generalizability. In addition, because
tracheal ultrasonography depends on the identifying
anatomic structures, its application in patients with neck
tumors or trauma needs further assessment.
In conclusion, real-time tracheal ultrasonography is an
accurate method for identifying endotracheal tube position
during CPR without the need for interruption of chest
compression.
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